Many U.S. students arrive on college campus lacking the skills expected for college-level work. As state leaders seek to increase postsecondary enrollment and completion, public colleges have sought to lessen the delays created by remedial course requirements. Tennessee has taken a novel approach by allowing students to complete their remediation requirements in high school. Using both a difference-in-differences and a regression discontinuity design, we evaluate the program's impact on college enrollment and credit accumulation, finding that the program boosted enrollment in college-level math during the first year of college and allowed students to earn a modest 4.5 additional college credits by their second year. We also report the first causal evidence on remediation's impact on students' math skills, finding that the program did not improve students' math achievement, nor boost students' chances of passing college math. Our findings cast doubt on the effectiveness of the current model of remediation-whether in high school or college-in improving students' math skills. They also suggest that the time cost of remediation-whether pre-requisite or co-requisite remediation-is not the primary barrier causing low degree completion for students with weak math preparation.
I. INTRODUCTION
Given the large wage differences between high-school and college-educated labor, governors in 42 states have set ambitious goals for increasing postsecondary attainment for their residents by 2025 (Lumina Foundation, 2018.) To meet such targets, state leaders must find ways to serve the large numbers of students arriving at college without the math and literacy skills traditionally expected for college-level coursework. Among first-and second-year college students nationally in 2011-12, 29 percent of students at public 4-year institutions and 41 percent of those at public 2-year institutions reported taking at least one remedial course (Skomsvold, 2014) .
Given the high proportion of remedial students who never complete any degree, advocacy organizations, such as Complete College America, have argued that remedial requirements are an unnecessary barrier and a cause of non-completion, describing college-level remediation as a "bridge to nowhere" (Complete College America, 2012) . As a result, postsecondary institutions in many states have been reducing the time and delay created by remediation requirements (for instance, by allowing students to take remedial coursework simultaneously with college courses.) Tennessee has taken a unique approach, adjusting both high school curricula and postsecondary remediation requirements.
In 2012, the state launched a pilot initiative, known as the Seamless Alignment and Integrated Learning Support (SAILS) program. The goal of the program was to shift the locus of math remediation from college back to high school. Unlike most states in which students learn of their remediation status only after arriving at college and taking a placement test, Tennessee notifies students of their remediation status in high school based on their junior year ACT score.
Students in SAILS-participating high schools who score below the remediation threshold of 19 on the ACT math test (roughly half of the seniors in those schools) can fulfill their math remediation by completing an online, in-person math course during their senior year. Although staffed by high school instructors, the course is modelled on the remedial course offered in community colleges in Tennessee. Those who complete all five modules are exempted from math remediation when they enroll at a Tennessee community college.
Beyond assessing the results of Tennessee's unique approach to the remediation challenge, we make three additional contributions to the research on remediation:
First, we present a simple framework for interpreting the effect of remediation requirements: the "achievement effect" and the "delay/displacement effect". Remedial courses may boost students' understanding of math and allow them to make faster progress in subsequent courses requiring such skills ("the achievement effect"), but at the cost of delaying or displacing college-level courses (the "delay/displacement" effect.) By describing prior estimates as the sum of two parts, we hope to resolve the apparent contradiction between the prior findings of small negative effects of remediation and recent claims that remediation is a primary cause of high drop-out rates. Both could be true, but only if both achievement and the delay/displacement effects were large. The design of the Tennessee program allows us to estimate both separately.
Second, we measure impacts of remedial coursework on math achievement using a regression discontinuity design. Past research has overlooked such achievement impacts due to lack of data on the counter-factual: while most students are assigned to remediation based on a single test score, they complete remediation by passing the remedial course. Colleges rarely collect posttest data for participants, and even less often do they gather such data for a comparison group. Thus, in order to learn about the impact of SAILS, we administered a posttest and student survey to high school seniors in 119 schools participating in the SAILS 3 program. Using an RD design, we compare the subsequent achievement and survey responses of high school seniors who scored just above and below the threshold as juniors.
Third, we measure the opportunity cost of remedial requirements under both pre-requisite remediation (the "delay effect") and co-requisite remediation (the "displacement effect.") Prior to 2015, Tennessee community colleges required students who had not completed SAILS to pass their remedial coursework before enrolling in college-level courses ("pre-requisite remediation");
for the seniors of 2014-15 and 2015-16 , Tennessee community colleges allowed students to do their remediation as a co-requisite, taking remedial courses alongside college-level courses. Corequisite remediation has been seen as an increasingly popular alternative to high-school based remediation such as SAILS, with several states such as Florida, California and Texas moving to statewide adoption (Logue, Douglas, Watanabe-Rose, 2019) . Although not imposing the same delay created by pre-requisite remediation, co-requisite requirements may still crowd-out or displace college level coursework, given constraints on students' time. Depending on the year in which a high school first began implementing the program, SAILS allowed students to avoid either pre-requisite or co-requisite remediation. We measure both the "delay effect" of prerequisite remediation and the "displacement effect" of co-requisite remediation using a difference-in-difference design, comparing the changes in student outcomes for high schools implementing SAILS in different years. Since co-requisite remediation and high-school remediation are viewed as alternative ways of achieving similar goals, the incremental effect of SAILS once the co-requisite policy was in place is relevant to current policy discussions.
We find that, under the pre-requisite policy, remediation-eligible students (i.e. those with ACT math scores below 19) enrolled in college-level math at higher rates after their high schools began implementing SAILS, resulting in a 13-percentage point increase in the percentage of 4 students having passed college math by the end of their first year. By the end of their second year in college, SAILS participants completed 4.5 additional college credits (roughly 1.5 courses) compared to their counterparts in high schools without SAILS. 1 In other words, students were able to complete an additional college level course in place of the remedial math course that was waived. However, removing the delay of the remedial course did not lead to a burst of progress beyond that course. In other words, it does not seem that remediation requirements were the primary constraint getting in the way of college credit accumulation for students.
Second, SAILS appeared to improve students' perceptions of the usefulness and enjoyment of math. Students just below the ACT math cutoff of 19 were more likely to perceive that their math course content would be useful in their careers, to indicate they were better prepared for college math, and to say that they were interested in math than those immediately above the remediation threshold.
Third, despite the positive impacts on students' perceptions of math, there was no difference in math performance on the posttest for those immediately above and below the remediation threshold (although the latter often took the SAILS course and the former did not), implying that the course had little impact on students' math achievement over and above the high school math course they would have taken otherwise.
Finally, after the co-requisite policy was introduced in the fall of 2015, SAILS no longer had an impact on the percentage of students taking or passing college math during their first year, nor on the total number of credits completed at the end of their second year. The co-requisite policy largely superseded the SAILS program by allowing students to complete their remediation alongside college-level courses, rather than before them. Once the co-requisite policy was in 1 Our measure of college credits earned excludes those earned prior to high school graduation (e.g., dual enrollment). 5 place, exempting students from co-requisite courses did not allow students to make any faster progress toward their degrees.
However, SAILS and the co-requisite policy were not perfect substitutes. Even without additional impacts on credit accumulation, the SAILS model has an important advantage over the co-requisite policy: the SAILS program allowed a quarter of remediation-eligible students to fulfill their remedial requirements in high school, rather than wait to do so in college. Because high school seniors in Tennessee are required to take four years of math, such a shift represented a net cost savings for students and taxpayers (given that the pupil to teacher ratio in the SAILs course was similar to other high school math courses.)
In sum, either approach to replacing pre-requisite remediation--moving remediation to high school or allowing students to do math remediation as a co-requisite--seems to allow community college students to enroll in college math more quickly and to accumulate an additional 1.5 college courses by the end of their second year. However, such findings also suggest that the pre-requisite remediation requirement is not the primary barrier to credit accumulation and degree completion for many students-since, if it were, we would have expected a larger burst of credit accumulation than the single course. Moreover, the SAILS program did not seem to increase students' math achievement. Because the SAILS course was modelled on the course delivered in community colleges, our findings raise doubts about the impact of those courses in remediating students' math skills as well. We close by discussing the promise of alleviating other potential barriers to college completion, such as better college advising and efforts to remediate math skills earlier in high school.
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II. LITERATURE REVIEW AND THEORETICAL FRAMEWORK
In theory, remedial course requirements produce two types of effects: 1) they refresh students' content knowledge in math (the "achievement effect"), and 2) they delay (in the case of pre-requisite remediation) or displace (in the case of co-requisite remediation) students' ability to accumulate degree credits during their initial years in college (the "delay/displacement effect").
The achievement effect and the delay/displacement effects could partially-or fullyoffset each other. The remedial course may accelerate students' progress in subsequent collegelevel courses. However, the time required to take the remedial course also diverts a student from accumulating college-level credits for a degree. The former is hopefully positive, the latter negative. The net effect of any remediation policy depends on the sum of the two effects.
Unfortunately, researchers have been unable to distinguish between the achievement and delay/displacement effects, focusing instead on the net effect of being flagged for remediation.
For instance, Calcagno and Long (2008) compared community college entrants on either side of the remediation threshold in Florida. While they found a small positive effect of being recommended for remediation on persistence after the first year of college, they ultimately found no differences in degree completion, transfer, or completion of college credits. Martorell and McFarlin (2011) studied over 250,000 students in public two-and 4-year colleges in Texas and found that being identified for remediation slightly reduced credit accumulation and years in college, but had no impact on degree attainment. Scott-Clayton and Rodriguez (2015) found that students recommended for remediation in a large, urban community college system were no less likely to enroll in postsecondary education or earn a college degree and completed roughly the same number of terms and college credits as those immediately above the cutoff. Using data from Tennessee, Boatman and Long (2018) found that in the years before the SAILS program students on the margins of needing one developmental math course were less likely to persist to the second year in college, and 5 percentage points less likely to have completed a degree within eight years.
Two recent studies have examined the effects of remedial interventions offered earlyeither in the summer or during a first semester. Early Start, adopted in 2012 in California, requires incoming California State University students to complete their remedial math and/or English requirements in the summer prior to beginning college. Using an RD approach, Kurlaender, Lusher, and Case (2017) found no significant improvements in persistence or firstterm GPA for students identified as needing math remediation under Early Start. The second study focused on the City University of New York's (CUNY) Start program, which launched in 2009. The program delays college enrollment for one semester for incoming students who are assessed as needing remediation in math, reading, and writing, and instead provides intensive instruction in math, reading, and writing during that semester. It also provides a number of services that go beyond remediation: providing advising, tutoring, and study skills courses. In a randomized experiment, eligible students were assigned to CUNY Start or to traditional remedial courses. Early results indicate that the program leads students to remain enrolled in CUNY colleges at higher rates during the second semester (Scrivener et al., 2018) . The authors also examined the effects on student learning. They found that the treatment group had higher performance in math, reading and writing. However, given substantial differential attrition in the treatment and control groups, it is impossible to know if the treatment caused the improvement or if the estimated effect was driven by differences in the composition of test-takers in the two groups (e.g., the students who did not improve were less likely to take the test, especially in the treatment group.) Given these limitations, the authors describe their results as "suggestive." 8 Nationally, only 34 percent of community college students who enroll in a remedial course complete a degree within six years (BPS, 2009) . Such statistics have led critics of remediation requirements to claim that the relationship is a causal one-that remediation requirements delay students needlessly and lead many students to drop out (i.e. remediation is a "bridge to nowhere.") However, given that the previous research on the impacts of college remediation suggests that being recommended for remediation has a moderately negative or null effect on degree completion, there are only two possible hypotheses that would be consistent with small net effects:
First, remedial course requirements may generate delays for many students, but since the net effect is small, it would also have to be the case that remedial courses allow students to make substantially faster progress toward a degree (the "high delay/high achievement boost" hypothesis.) Therefore, moving the remediation to high school and eliminating the delays caused by remedial coursework in college would be expected to generate a large boost in postsecondary attainment.
Alternatively, it could be that both the achievement effect and the delay effects of remediation are small (the "low delay/low achievement boost" hypothesis.) (Other possibilities, such as the hypothesis that remediation is both costly in terms of time and unhelpful in terms of achievement would not be consistent with the prior literature, because we would have expected large negative net effects of being flagged for remediation.)
Because the SAILS high school course is modelled on the remedial math course offered in community colleges, the SAILS program essentially provides the achievement boost of remediation, without the time cost in college. Thus, we first measure the impact on remediationeligible students when their high schools began offering SAILS under pre-requisite remediation.
Under the high delay/high achievement boost hypothesis, we would have expected to see a large increase in college math enrollments, math completion and credit accumulation after schools began implementing SAILS.
Later, when public colleges in Tennessee adopted the co-requisite policy, we measure the displacement effect of co-requisite remediation courses. Again, if the displacement effect of corequisite remediation requirements at community college were large, we would expect to see a large increase in credit accumulation for students at the schools implementing SAILS for the first time.
In addition to measuring the effect of SAILS in reducing the delay/displacement involved in college-level remediation, we also measure the impacts of SAILS on students' math achievement by comparing achievement on a posttest for those immediately above and below the cutoff for remediation. If the high delay/high achievement boost hypothesis were true, and there was a large achievement boost from remediation, we would expect to see a large impact from participating in SAILS on students' math achievement.
III. STATE CONTEXT
In the fall of 2012, 68 percent of first-year, first-time community college students in Tennessee were enrolled in one or more developmental or remedial courses (Tennessee Higher Education Commission, 2014). For first-time, full-time students who entered Tennessee community colleges in fall 2011, only 28 percent completed a credential within 6 years (Tennessee Higher Education Commission, 2018). As in many states, the high rates of remediation and the low rates of degree and certificate completion have led leaders in Tennessee to see remediation requirements as a primary barrier to degree completion.
Unlike most other states, Tennessee notifies students of their remediation status in high school. Tennessee uses students' 11th grade ACT math test scores to assign students to remedial courses. The vast majority of students (around 82 percent each year) take the ACT in school during their junior year. Students scoring below 19 on the ACT math test are told that they will need to take a remedial course in math if they enroll in a public college or university in Tennessee. Students who complete the SAILS curriculum in high school can avoid that requirement if they proceed to enroll in a Tennessee community college.
Tennessee SAILS Program
The SAILS course is self-paced, with students progressing through the material on their own schedule, either over one semester or across the whole school year depending on their school's course schedule. The course material is delivered entirely online, including videos, homework problems, and assessments. Most of the work is completed in class, although students have the option of working outside of class as well. Teachers serve as learning partners and coaches; although they occasionally provide direct instruction, their primary role is to monitor students' progress through the online modules and provide guidance when students are stuck. 12 Also in fall 2015, Tennessee's community colleges transitioned from a policy of prerequisite remediation to a co-requisite policy, in which students are required to enroll in a remedial course simultaneously with their college-level course. Like SAILS, the new remediation policy was intended to allow students to enroll in college-level coursework directly (Tennessee Board of Regents, 2016). However, a key difference is that SAILS allows students to avoid having to take the remedial class entirely, potentially freeing up time to take other classes, while the co-requisite remedial classes may have crowded out course-taking for other students.
Because the Tennessee Promise and the co-requisite policy were implemented at the same time, it is not possible for us to isolate the independent effect of each. However, it seems that the combination of policy changes did have substantial impact. Figure 1 presents the proportion of students enrolling in postsecondary education for the high school seniors of 2010-11 through 2015-16. We report trends separately for those with ACT math scores below 19 (the remediationeligible) and for those with ACT math scores of 19 and above. We also report separately for the institutions that were and were not eligible for Tennessee Promise scholarships.
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There was more than a 10-point increase in the percentage of remediation-eligible students enrolling in institutions eligible for the Tennessee Promise. There was a smaller increase in college entry among those with ACT math scores of 19 and above. These increases were accompanied by a small decline in entry at institutions not eligible for the scholarship. In addition, we administered a posttest and survey to a sample of approximately 16,000
high school seniors at 119 high schools that were implementing SAILS in 2015-16, excluding high schools that were in their first year of SAILS. We focused our data collection for the posttest and survey on students enrolled in certain senior year math classes: all Bridge Math and 14 SAILS classes, as well as all Advanced Algebra and Trigonometry, Pre-Calculus, and Statistics classes. To lessen the burden on schools, we excluded students in advanced classes such as Advanced Placement and International Baccalaureate classes, since these students were likely to be far above the cut-off. For the posttest, we also excluded students taking geometry in their senior year, as these students typically were scoring far below the threshold.
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Among students in the targeted classes, we received posttest and survey results for 69 percent of students, or approximately 11,000 students. Excluding students without valid answer sheets and those for whom ACT and MeasureTN were unable to find a match, we collected responses from approximately 61 percent of students in targeted classes.
The 50-minute, 35-item posttest was an abbreviated version of the ACT math test.
Students took the assessment at the end of their senior year math course either in November 2015
(for fall semester courses) or April 2016 (for spring semester or full-year courses). The posttest was scored by ACT and matched to students' prior ACT records and K-12 records from TDOE.
The new scale, which ranged from 333 to 680, provided a finer level of detail than the integer scale ACT uses for public reporting, which allowed us to identify students within a fraction of a point above and below the remediation cutoff of 19. In addition, during the last five minutes of the posttest, students completed a 15-item student survey on topics such as perceptions of their math courses, attitudes towards math, and postsecondary aspirations.
We also included classes labeled Finite Math, Discrete Math, Core Mathematics, and Algebra II when we saw large numbers of seniors enrolled. However, other courses, particularly junior year courses with less than three seniors enrolled, were also excluded to alleviate the burden of in-class testing for these teachers. Table 1 presents the characteristics of 2015-16 seniors, by the year in which their high school began offering the SAILS program. Because the SAILS program records were incomplete for the 20 schools which implemented the program in 2012-13, we excluded those schools from all years. The 101 high schools which began implementing SAILS in 2013-14 had somewhat higher percentages of White students, fewer Black students, and higher high school graduation rates for seniors than schools that implemented SAILS in the two subsequent years. However, the three waves of high schools each had similar proportions of students scoring below the remediation threshold of 19 (50, 53 and 49 percent respectively). Relative to the schools that had never offered the SAILS program as of 2015-16, the SAILS schools were more likely to be rural (36 vs. 17 percent), more likely to have students with ACT math scores below 19 (51 vs. 46 percent), and more likely to have a higher share of White students (75 vs. 65 percent). Table 2 compares the student characteristics of the sample to the underlying population at each phase of sample selection. Column 1 describes the characteristics of all students in all eligible schools in their second or third year of implementation in 2015-16. Column 2 reports the characteristics of all students in the subset of schools that agreed to participate. The participating schools were very similar to the eligible schools in most measures, including demographic characteristics and test scores. Column 3 reports the characteristics of all students in the targeted math classes in the participating schools. Students in the targeted classes tended to have lower than average ACT scores, with 63 percent scoring below 19 compared to 54 percent in the full sample. They were also more likely to participate in SAILS than the full population of students in the participating schools (43 vs. 33 percent).
Sample
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Column 4 reports the characteristics of the 6 They were also more likely to take senior year math (99 percent vs. 92 percent) and were more likely to graduate conditional on beginning their senior year (96 percent vs. 93 percent). students in the targeted classes for whom we have posttest outcomes. The sample with posttest scores was similar to those in the targeted classes, with the exception that they have slightly fewer days absent and are more likely to graduate. Students who dropped out during their senior year or who were frequently absent may not have been present to take the test.
V. EMPIRICAL STRATEGY
We use two different quasi-experimental approaches to measure the impact of the SAILS program. First, we exploit the fact that SAILS was implemented in waves, with high schools implementing the program in different years. For this analysis, we use a difference-in-differences (DD) design, comparing the change in outcomes in schools in the year they began implementing SAILS against the change for those that had not yet implemented or had implemented SAILS in some prior year. Second, we use a RD design that exploits the assignment rule for remediation in Tennessee: scoring below 19 on the ACT math test. In this analysis, we identify the impact of being assigned to remediation of any kind (SAILS, co-requisite and pre-requisite) versus no remediation by comparing students scoring just above the cutoff to those scoring just below the cutoff for assignment to remediation.
Difference-in-Differences (DD) Design
Using the sample of students who are recommended for remediation, we compare the change in outcomes for students from high schools that implemented SAILS in a given year against the change in outcomes for schools that had not yet implemented SAILS (or had implemented it in a prior year.) The co-requisite policy was implemented in the fall of 2015, affecting the high school graduating classes of 2014-15 and beyond. Therefore, by using the cohort of students who graduated in 2013-14, we can estimate the effect of the SAILS program in the context of pre-requisite remediation. We use those graduating in 2014-15 and 2015-16 to estimate the effect of the SAILS program in the context of co-requisite remediation. Specifically, we estimate the following difference-in-differences model:
In equation (1), is an outcome for student i in high school s in year t.
_ _ equals one for high schools implementing SAILS in 2013-14, when the prerequisite policy was in force. _ _ equals one for all high schools adopting SAILS in 2014-15 or 2015-16, after the co-requisite policy was adopted. and are high school and year fixed effects respectively. is a vector of time-invariant student demographic characteristics. is a stochastic error term. Standard errors are clustered at the high school level. The sample is limited to 12th grade students who are flagged as needing remediation based on whether they score below 19 on their first junior year ACT score.
The key assumption underlying the DD strategy is that the year-to-year change in SAILSparticipating and non-participating schools would have been the same if not for the implementation of SAILS. One common test of this assumption is to evaluate whether the schools that adopted SAILS were already on a different trajectory prior to adoption. Appendix Table A2 shows that for the majority of outcomes, the trends for SAILS and non-SAILS schools were parallel in the lead-up to the adoption of SAILS.
We also test whether there is any evidence that the composition of the student body is changing with the introduction of SAILS. As reported in Appendix Table A3 , we find no evidence that the proportion of students who are female, Black, Hispanic, or white changes with the introduction of SAILS relative to the change in non-SAILS schools.
Regression Discontinuity (RD) Design
In addition, we estimate the following model to compare the outcomes of students just above and just below the remediation cutoff of 19:
In this model, represents the outcome for a student i in school s.
19 is an indicator for student i in school s having an ACT math score below 19. ℎ represents a student's junior year ACT math score (centered at the cutoff) and serves as the running variable. Appendix Tables A4-A8 , we show sensitivity tests for wider and narrower bandwidths.)
Because the students most eager to avoid remediation could retake the ACT, we use a student's first ACT math score as the running variable. Following McCrary (2008), we check that the density of students is smooth through the cutoff for each of the subsamples we use for our estimates in Appendix Figures A1 and A2 . We also test for balance in the covariates near the threshold. In Appendix Tables A4, A5 , and A7, we see that student characteristics are generally smooth through the cutoff for the samples that we use for the analyses. The few differences that we observe at the .05 level are consistent with the number of false positives that we would expect when testing this many hypotheses. Moreover, we control for these demographic characteristics in our main estimates and find that the results are not sensitive to their inclusion.
VI. RESULTS
In Table 3 , we estimate the effect of SAILS by examining the change in student outcomes for remediation-recommended students when their high school began using SAILS. To provide some perspective in interpreting the magnitude of the impacts, we also report the mean outcomes for the comparison students (those who had an ACT math score below 19 in high schools that
were not participating in SAILS).
In the top panel, we report impacts on outcomes which apply to all high school seniors, whether or not they enter postsecondary education. As reported in the top row, when a high school began implementing SAILS, about 40 percent of remediation-recommended students enrolled in SAILS. Our interviews with school staff suggested that individual student enrollment decisions were based on a number of factors-including student's college aspirations or comfort with technology. In some cases, schools did not have enough qualified teachers or a sufficient number of computers to accommodate all eligible students (IMPAQ International, 2016).
Because we may not the various ways that students might be selected into SAILS, we measure the effect of SAILS implementation on all students with scores below the threshold (that is, the results in Table 3 are intent-to-treat estimates.)
As reported in the remaining rows in the top panel, SAILS implementation was not accompanied by any increase in high school graduation, postsecondary enrollment, or a change in 20 the type of postsecondary institution attended. Although not surprising given the program goals, the finding suggests that there was not a significant change in the unmeasured characteristics of college entrants.
In the lower panel of Table 3 , we report impacts for students who entered community college within one year after graduating from high school. A school's implementation of SAILS was accompanied by a 28-percentage point decline in the percentage of community college entrants taking remedial math during their first year in college. In other words, SAILS implementation succeeded in shifting the locus of remediation from college back to high school for 28 percent of remediation-recommended community college students. The impact was similar under the pre-requisite and co-requisite policies.
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In the final rows in Table 3 , we report impacts on the proportion of students taking and passing college math during their first and second years in community college. Under the prerequisite policy, SAILS implementation was accompanied by a 14-point boost in the percentage of remediation-recommended students taking college math during their first year, relative to 45 percent in the non-participating schools. After accounting for failures and withdrawals, there was a 6.3-point boost in the percentage of remediation-recommended students passing college math by the end of their first year in college, relative to 30 percent in non-participating schools. In other words, we estimate that SAILS-implementation led to a 14-percentage point increase in college math enrollment. A subset of these students-about 6.3 percentage points-passed 7
To help explain why there was not a 100 percent reduction in college remediation among students attending SAILS high schools, first, only about 40 percent of remediation-recommended students at participating high schools enrolled in SAILS. Second, only 66 percent of students at non-participating high schools with ACT math scores below 19 actually took remedial math in their first year of college. To avoid remediation, these students may have retaken the ACT, taken the ACCUPLACER test once on campus, enrolled in a non-degree program, or delayed taking remedial requirements to later years. The product of these two percentages (40 percent x 66 percent = 27 percent) is similar to the estimated reduction in remediation in Table 3 (28 percent) . 21 college math. The ratio (6.3/14) implies that just under half of the new enrollees in college math passed the course.
The estimated impacts on the percentage of students taking and passing college math were smaller by the end of the second year in college, as students from the non-participating high schools had the opportunity to complete their remedial courses and enroll in college-level classes.
By the end of the second year, the estimated impact on the percentage of students passing college math was still positive (2 percentage points), but it was no longer statistically significant.
We estimate that SAILS implementation under the pre-requisite policy also resulted in a small increase in the number of college credits students completed: 1.0 credit during the first year and 2.2 credits by the end of the second year. Only 4 percent of remediation-recommended community college entrants completed an associate degree within 2 years. An additional 4 percent of remediation-recommended students completed a certificate program. We saw no statistically significant impact of SAILS implementation either on the proportion of students completing an associate degree or completing a certificate within 2 years. If we are willing to assume that SAILS had no effect on the outcomes of remediationeligible students who did not participate, we can infer the effect of the SAILS treatment on participating students by dividing the average impact on each outcome by the participation rate.
For example, the 14-point increase in the percentage of remediation-recommended seniors taking college math in their first year translates to a 29-percentage point increase in math enrollments for SAILS participants. The 6.6-point increase in the percentage of students passing college math translates to a 13-point increase in the percentage of SAILS participants passing college math.
The 2.2 credit increase in credits by the end of the second year translates to a 4.5 credit increase 8 However, some students may not have been seeking an associate degree or certificate, and two years is shorter than the length of time many students require to complete. 22 for SAILS participants. These are all similar in magnitude to the improvements we reported in Figure 2 between 2013-14 and 2014-15, when community colleges moved to the co-requisite policy and allowed students with ACT scores below 19 to enroll directly in college-level math. 9 Table 3 also reports the impacts of SAILS implementation for the high school seniors of 2014-15 and 2015-16, after the co-requisite policy was in place. As reported in the top panel, there was a similar shift in the locus of remediation from college back to high school, as the students from SAILS participating high schools were 28 percentage points less likely to enroll in college remediation during their first year in college. However, we no longer estimate a positive impact on the proportion of students taking or passing college math during their first year. In fact, the estimates are negative. Likewise, the estimated impacts on college credits completed by the end of the first and second year of college is not significantly different from zero.
The negative effect on taking college math appears to be driven by the high schools launching SAILS in 2014-15. As shown in Figure 3 , the trend in college math course-taking for the set of high schools that implemented SAILS for the first time in 2014-15 increased in 2014-15 (with the co-requisite policy), but not by as much as it did for other high schools. However, by 2015-16, college math course-taking from these 2014-15 SAILS adopters had caught up with the other high schools. When we drop from our estimation the high schools implementing SAILS in 2014-15, the estimated impact of SAILS implementation on college course-taking shrinks to 2.4 percentage points and is no longer statistically different from zero. Since the policy applied to all remediation-recommended students, the "treatment on the treated" and the "intent to treat" effects were the same for the co-requisite policy. 10 There are a few reasons the 2014-15 cohort of schools adopting SAILS might have had students who were less likely to enroll in college math in community college. First, students in the 2014-15 SAILS adopting high schools may have disproportionately attended community colleges that were slower to adopt co-requisite remediation for all students. Another possibility is that these students may have been disproportionately less likely to apply for and receive Tennessee Promise. Since Promise required full-time enrollment, this could have reduced these students' likelihood of taking college math in their first year relative to peers in other high schools.
Both SAILS and the co-requisite policy eliminate the barriers to entry into college math.
However, there are two key differences. One is that the co-requisite course may displace students' ability to take other college-level courses. Another difference is that the knowledge imparted during the SAILS course may fade between the senior year in high school and the first year in college, while the co-requisite course provides "just in time" remediation. Whether or not either of these advantages for the two approaches were substantive, they seem to have canceled each other out, as the net effect of SAILS implementation on credit accumulation under the corequisite policy was zero.
Virtually all of the reduction in college remediation expenses for the 28 percent of students shifting their remediation to high school would have represented a net cost savings, because Tennessee high school students are required to take four years of math. As long as the cost of offering a SAILS course was comparable to the cost of offering another high school math course, any reduction in instructional expenditures on co-requisite math instruction on college campuses would have represented a net cost savings.
Regression Discontinuity Results
In Table 4 , we report the differences in student outcomes at the remediation threshold. We report the difference for four groups: for those in participating and non-participating high school, for the graduating classes of 2013-14 and 2015-16. While the impact estimates in Table 3 were identified based on the differential changes in outcomes when schools began implementing SAILS, the impacts in Table 4 are identified by differences in outcomes for those just above and below the threshold of 19. They need not be the same. The comparison group in Table 3 consisted of similar students in high schools that had not yet implemented SAILS (or had implemented SAILS in some prior year), while the comparison group in Table 4 is the set of students with similar achievement and characteristics who just missed being recommended for remediation. We conduct both analyses to determine if our results are robust to different comparison groups. (As an additional check, Appendix Tables 6 and 8 In SAILS-participating schools in 2013-14, students just below the remediation threshold were 27 percentage points more likely to enroll in SAILS than those just above the threshold. This is smaller than the 41-percentage-point estimate of participation in SAILS in Table 3 . One possible reason is that estimates in Table 3 are for all students scoring below 19, while the results in Table 4 would apply to those with ACT scores right at the remediation cutoff.
At SAILS-participating schools in 2013-14, we estimate that those who were just below the remediation threshold were 26.9 percentage points more likely than similar students just above the threshold to take a remedial math class during their first year at a community college.
However, that difference was even larger at the non-participating schools, where those below the threshold were 48.5 percentage points more likely to take a remedial class. In other words, if a school were to switch from non-participating to participating in SAILS, the difference between the two (i.e., 21.6 points) would determine the reduction in remediation at the threshold.
In non-participating schools in 2013-14, those with an ACT score just below the remediation threshold were 13.8 percentage points less likely to take a college math course and 7.8 percentage points less likely to pass a college math course during their first year in a community college. They also accumulated 1.8 fewer college credits during their first year in college.
In SAILS-participating schools, the differences at the remediation threshold were smaller and not statistically significant. Although there were 101 high schools that began offering SAILS 25 in 2013-14, this represents only a quarter of all high schools in the state. As such, we cannot generate a precise estimate of the difference in parameters in the SAILS-participating and nonparticipating schools in 2013-14. Nevertheless, our results indicate that there was a difference at the remediation threshold in the proportion of students taking and passing college-level math in the schools not participating in SAILS. In the schools with SAILS, those differences were not statistically significant, suggesting that SAILS helped to reduce the negative effects of assignment to remediation.
The bottom panel of Table 4 reports analogous differences in 2015-16, after the implementation of the co-requisite policy. The difference in discontinuities suggests that entrants from SAILS schools were 13.1 percentage points less likely to take remedial math than at nonparticipating schools. Although about half as large as we estimated in Table 3 , the results imply that SAILS did shift the locus of remediation from college back to high school.
However, under the co-requisite policy in 2015-16, there were no longer any statistically significant differences at the remediation threshold in the proportion of students taking or passing college-level math-either in the SAILS-participating or in the non-participating schools. This is consistent with our earlier conclusion that SAILS implementation had no effect on college math enrollment or passage once the co-requisite policy was in place. There was also no difference in credit accumulation during the first year in community college between those immediately below and above the remediation threshold of 19.
Posttest and Student Survey Results
For the remaining results, we focus on students in the 119 SAILS-participating schools that administered the posttest and student survey in 2015-16. In Figure 4 percentage points more likely to be enrolled in SAILS than those just above the cut-off.
To measure the causal impact of SAILS, we focus on differences in outcomes for all students above and below the remediation threshold, whether or not those students are enrolled in SAILS. We avoid comparing student participants and non-participants in SAILS schools because an individual student's enrollment decision is likely to be influenced by other factors for which we cannot control (e.g., the strength of the students' plans to complete college, a counselor's recognition that they need extra help, their school's ability to pay for computer equipment). For all these reasons and more, the individual students enrolling in the SAILS course are likely to differ from those with similar ACT scores who are not enrolled in SAILS. Rather than assume that we can control for all the relevant differences for students' enrolling in SAILS, we are more comfortable assuming that the average student, regardless of SAILS enrollment, are similar just above and below the remediation cut-off. Nevertheless, it is still possible to estimate the impact for the average student enrolling in SAILS using the RD method. As long as being recommended for remediation only impacts a student's outcome if he or she actually enrolled in the SAILS math course, we can instrument for SAILS participation and divide any difference in outcomes at the threshold by the 41-percentage 27 point difference in SAILS enrollment at the threshold. While the difference in student outcomes at the remediation threshold tells us the average effect of offering SAILS to students, dividing that difference by the difference in students enrolled in SAILS provides an estimate of the average effect on the students participating in SAILS.
As shown in Figure 5 and Table 5 , it appears that the students in the SAILS classes improved no more (or less) on the ACT posttest than the students taking other math classes during their senior year. Thus, the estimated impact of the school's offering SAILS is not statistically different from zero.
Of course, the skills tested on the ACT may differ from the actual SAILS curriculum. As a result, the SAILS team identified the specific test questions which were aligned with each of the five modules included in the SAILS curriculum. We then constructed a measure of the percent of those items that students answered correctly and conducted a similar analysis, looking for evidence of differences in student performance above and below the cut-off, and did not find evidence of differences between SAILS-enrolled and non-SAILS students for those items judged to be aligned with the five modules.
It is important to remember that the comparison students-those scoring just above the remediation threshold-are also typically enrolled in a math course of some kind, since Tennessee students are required to complete four years of math in order to graduate. Other than SAILS and the other remedial math course, Bridge Math, the three most popular courses taken by students with an ACT math score of 19 in our sample of high schools were Advanced Algebra and Trigonometry (34.3 percent)
11
, Pre-Calculus (26.5 percent), or Statistics (21.9 percent).
Approximately 10 percent of these students were enrolled in more than one math class.
12 Thus, 11 We also include small numbers of students who enrolled in Discrete Math and Finite Math. 12 Less than 2 percent of this group seemed not to be enrolled in any math course during their senior year.
28 the estimated impacts on the math posttest in Table 5 is not relative to the absence of a math course, but relative to the average math course that high school seniors with ACT math scores in the neighborhood of 19 typically take.
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In Table 6 , we report differences in survey-based outcomes for those immediately above and below the ACT cut-off of 19. We did not find any significant differences in students' postsecondary college plans for those with ACT scores immediately above or below 19.
However, we did find that students just below the cut-off of 19 were 6.6 percentage points more likely to perceive that their math course content would be useful in their careers, 10 percentage points more likely to report that they felt prepared for college math, and 6 percentage points more likely to say that they were interested in math. We also found that students just below the 19 cutoff were 8 percentage points less likely to say that their classes stayed busy, which may have been due to the self-paced instructional model used in the SAILS program. To convert these into impacts per student enrolled in SAILS, we divide by the difference in SAILS enrollment at the cut-off (41 percentage points).
In Table 7 , we report differences at the remediation threshold for different subgroups of students by gender and race, and by type of high school attended. It is worth noting that the impact on student perception of being better prepared for college math was particularly large and positive for Black students (43 percentage points). Despite this perception, we did not observe an impact on posttest scores or see a disproportionate increase in college math enrollment, math passage, or accumulated credits for Black students (estimates available upon request).
There was little difference in the impact of SAILS in high-poverty vs. low-poverty high schools. However, we find that SAILS was associated with a small negative difference in math achievement in the rural schools (-6.3 points on the rescaled ACT test). When divided by the percentage-point difference in students enrolling in SAILS (44.4 percentage points), this would imply about a half-point decline in ACT scores on a 36-point scale for students in rural high schools enrolling in the SAILS course.
We also calculated the percentage of students who had completed all five modules before the end of the semester or year (with 10 percent of the class time remaining.) In effect, this is a measure of students' rate of progression in the SAILS curriculum prior to the final weeks of the semester or academic year. We observed that a large share of some schools completed the modules in the final weeks and days of the semester, while students in other schools made more steady progress throughout the course. In the 25 percent of SAILS schools with the lowest completion rate by the last tenth of the semester, only 4 percent of students had completed all five modules. In the top 25 percent of SAILS schools, 77 percent of students had completed SAILS by that point. In the schools where many students completed the modules in the last days and weeks (or didn't complete SAILS at all), students immediately below the threshold were 23.7
percentage points less likely to report that their class stayed busy than the students just above the threshold. In the schools where a higher proportion of students had completed the five modules with time remaining, students were no more or less likely to report that their class stayed busy. In other words, students' perception that SAILS kept them less busy than other math classes was concentrated in schools where large numbers of students completed the program in the closing days or weeks.
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VII. CONCLUSION
In Over the last five years, the state implemented two major reforms to its remediation policies: the SAILS program allowed students to complete their math remediation during the senior year in high school, and the co-requisite remediation policy allowed students to complete their remediation concurrently with college coursework. Our results suggest that both were effective in opening the doors to college-level coursework, increasing the proportion of remediation-recommended students taking college-level math in their first year at community college by roughly 30 percentage points. However, the impacts were not additive. Once the corequisite policy was adopted, the main effect of SAILS has been to shift the locus of remediation back to high school for roughly a quarter of remediation-recommended students, but with no incremental effect on college math enrollments or credit accumulation beyond that yielded by the co-requisite policy.
In addition, our evidence suggests that SAILS is not improving students' math achievement nor boosting their likelihood of passing college math once they take the course. Of the additional students who were able to take college-level math after the introduction of SAILS, only about half passed college math. In effect, until the co-requisite policy was in place, the SAILS program opened the door to college-level math for many students and about half of the incremental entrants made it through the course successfully. The co-requisite policy opened the 31 same door for the remaining students, with the same result: about half of the incremental entrants passed the math course.
In finding a small net effect of remediation, our results are consistent with the findings of earlier studies. However, our additional contribution has been to identify that both the time cost of remediation and the achievement effect of remediation are each small in magnitude. When we saw little impact on postsecondary attainment when students began completing remediation in high school, we learned that eliminating the time cost of college-campus-based remediation had little impact. Yet when we observed no difference in senior year math achievement for those enrolling in SAILS, we learned that the achievement effect was small as well.
Therefore, achieving significant improvements in the number of Tennesseans with a postsecondary credential will require identifying and clearing other barriers to college completion and not simply reducing the time cost of remediation. For instance, students may be having trouble navigating their way toward a degree, struggling to understand their course requirements or switching between majors. In a review of remedial education reform efforts in recent years, Bailey and colleagues (2016) found that programs with comprehensive, integrated, and long-lasting student supports produced the largest increases in college success outcomes. For example, programs like the City University of New York's (CUNY) Accelerated Study in Associate Programs (ASAP) that offer students comprehensive advising, tutoring, and financial support have been shown to have impacts on degree completion (Scrivener et al., 2015) . Other institutions, such as Georgia State University, have been reaching out to students during the summer, allowing students to choose "meta-majors" with common course requirements during their freshman year, redesigning their introductory math courses, and automating parts of their advising system. 14 Some of these approaches have been tested with comparison groups and have been shown to produce improvements in postsecondary access and persistence (Page & Gehlbach, 2017) , though others
have not yet been evaluated (Kurzweil & Wu, 2015) .
Our findings suggest a more thorough rethinking of the content and delivery of remediation. For instance, it could be that the senior year in high school is too late to start. In a study of the effectiveness of a double-period algebra course in the 9th grade in the Chicago Public Schools, researchers found positive impacts on students' achievement in algebra (Nomi & Allensworth, 2009 ). Later work found positive impacts on credits earned in high school, test scores, high school graduation, and college enrollment rates (Cortes, Goodman, & Nomi, 2015) .
It is also possible that the self-paced, online course is not well-matched to the needs of lowachieving students. A growing body of work from college and high school settings has found that students with lower levels of academic preparation perform less well in online courses than with traditional instruction (Xu & Jaggars, 2013; Bettinger, Fox, Loeb, & Taylor, 2017; Heppen, et al., 2017) . Although SAILS is not purely online (there is a teacher in the room), it is possible that the self-paced format is less effective for the students who have struggled with the material in the past. If states cannot find a model of remediation that actually increases students' success in math, the next step would be to evaluate the consequences of eliminating remediation requirements for more students.
Many students are emerging from high school without the skills traditionally expected for college-level coursework. In order to reach ambitious goals for increasing degree completion 14 Other states have begun using high school grades in combination with test scores for making remediation decisions. A recent study in New York found that some of the students exempted from remediation based on a combined measure were able to pass college math (Barnett et al., 2018) . These findings support earlier research with similar conclusions (Belfield & Crosta, 2012; Scott-Clayton, 2012; Scott-Clayton, Crosta, & Belfield, 2014) .
33 among their residents, many states are rethinking their remediation requirements. Our analysis of Tennessee's experience suggests that either allowing students to do their remediation in high school or allowing students to complete remediation alongside college coursework (co-requisite remediation) does allow students to complete a modest number of additional credits, but is unlikely to have a major effect on college completion for this group. Boosting degree completion will require a more effective model of math remediation-either in high school or college--or the elimination of others barriers to completion, such as inadequate advising or the level of math required in gateway college courses.
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Figure 1. Postsecondary Enrollment by Institutions' TN Promise Eligibility
Notes: This figure presents the proportion of Tennessee high school seniors who enrolled in postsecondary institutions within 1 year of high school, by junior-year ACT math score and TN Promise eligibility of the institution. "Promise-eligible" institutions include Tennessee community colleges, Tennessee Colleges of Applied Technology, two public 4-year institutions that offered associate's degrees (Austin Peay State University and Tennessee State University), and several private institutions that offered associate's degrees (e.g., Bryan College and Cumberland University).
Figure 2. Postsecondary Progress for Community College Entrants
Notes: This figure presents descriptive outcomes for high school seniors who enrolled in a Tennessee community college within 1 year after high school, by junior-year ACT math score. The left panel shows the overall proportion of these community college entrants who enrolled in and passed college-level math within 1 year after high school. The right panel shows the number of credits these community college entrants earned within 2 years after high school. Credits earned exclude remedial math courses, but may include remedial reading and writing courses due to data limitations. 2013-14, 2014-15 or 2015-16 . The label, "Ever SAILS," refers to schools that ever participated in SAILS between 2013-14 and 2015-16 . Rescaled scores refer to the finer-grained ACT scores ranging from 333 to 680. Notes: The eligible schools are the 187 schools which were in their second or third year of SAILS implementation in 2015-16. The eligible, participating schools are the subset of 119 schools which agreed to participate in the posttest and student survey. Column 3 limits the sample to those students which were in classes that administered the posttest. Column 4 limits this sample further to those students which actually took the posttest. Rescaled scores refer to the finer-grained ACT scores ranging from 333 to 680. , the reference category being those attending non-SAILS schools in the same year. The sample is limited to public high school seniors between 2010-11 and 2015-16 with junior year ACT math scores below 19. All specifications include h.s. fixed effects and indicators for race, ethnicity, and sex. The sample for the lower panel is limited to students enrolling in a Tennessee community college within 1 year after high school, regardless of degree intention. Heteroskedastic-robust standard errors are clustered by high school and are reported in parentheses (*p<.10; **p<.05; ***p<.01). Tables A6 and A8 . Control means are calculated for students within 10 points above the cut-off on the rescaled measure or a single point using the integer ACT measure. Heteroskedasty-robust standard errors are clustered by high school and included in parentheses (*p<0.10; **p<0.05; ***p<0.01). Notes: For the outcome in each row, we report the discontinuity at the remediation cut-off of 19, assuming a linear relationship between the outcome and the rescaled ACT score (the running variable) and allowing for different slopes above and below the cut-off. Each specification also includes high school fixed effects and demographic controls for race, ethnicity, and sex. We use a bandwidth of +/-25 points on the fine-grained, rescaled ACT (whose total range runs from 333 to 680) for our main specification, but also include a narrower (+/-15 points) and a wider bandwidth (+/-35 points). The optimal bandwidths suggested by Calonico, Cattaneo, and Titiunik (2014) range from 22 to 27 for all outcomes. Posttest Math % Correct indicates the % correct on the posttest, as opposed to the scale score on the posttest. SAILS-aligned Posttest % Correct indicates the % correct on the items on the posttest that the SAILS staff indicated as aligned with the SAILS curriculum. Sample includes only high school seniors in the schools that participated in the posttest and student surveys in the 2015-16 school year. Control means are the mean outcomes for students within 10 points above the cutoff. Standard errors are clustered at the high school level. (* p<0.10; **p<0.05; *** p<0.01). [1766]
[5871] Notes: For the outcome in each row, we report the discontinuity at the remediation cut-off of 19, assuming a linear relationship between the outcome and the rescaled ACT score (the running variable) and allowing for different slopes above and below the cut-off. Each specification also includes high school fixed effects and demographic controls for race, ethnicity, and sex. The sample includes only high school seniors in the schools that participated in the posttest and student surveys in the 2015-16 school year. Optimal bandwidths from Calonico, Cattaneo, and Titiunik (2014) range from 16 to 34 depending on the outcome. We use a bandwidth of +/-25 points on the fine-grained, rescaled ACT (whose total range runs from 333 to 680) for our main specification, but also include a narrower (+/-15 points) and a wider bandwidth (+/-35 points). Sample sizes (in brackets) vary slightly across outcomes due to differential response rates to some questions. Control means are the mean outcomes for students within 10 points above the cutoff. Standard errors are clustered at the school level (* p<0.10; **p<0.05; *** p<0.01). Notes: Each estimate comes from a local linear model that regresses the outcome of interest on an indicator for a student having a rescaled ACT score that is equivalent to scoring below 19, a rescaled ACT math score centered at the threshold, and an interaction of the two. All regressions include high school fixed effects and demographic controls for race, ethnicity, and sex. Sample is limited to high school seniors in the 119 schools that participated in the post-test and student surveys in 2015-16, who took the post-test/student survey, and are in the demographic subgroup denoted in column 1. Sample sizes (in brackets) vary slightly across outcomes due to response rates. All regressions use a bandwidth of +/-25 points. Control means are the the mean outcomes for students within 10 points above the cutoff. Heteroskedastic robust standard errors are clustered by high school and included in parentheses (*p<0.10; **p<0.05; ***p<0.001).
